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GLAS WAVEFORM AND ELEVATION PRODUCTS

Level 1a - GLAO1

*Transmit waveform
*Received waveform
sInstrument parameters
pertinent to altimetry

Level 1b - GLAOG6

Level 1b - GLAO5

*Transmit waveform
characteristics
*Received waveform
characteristics
«\Waveform quality flags
*Preliminary range and
footprint Location
eLaser off-nadir pointing
sSpacecraft orbit

Nov.30-Dec.1, 1999

*Corrected preliminary
surface elevation
*Footprint location
*Elevation distribution
within footprint
eLaser off-nadir pointing
sSpacecraft orbit
«Corrected Range
*Atmospheric delay
*Tidal Values
sIncrements to calculate
mean surface elevations
*Geoid
*Elevation quality flags
*\Waveform quality flags
sAtmospheric condition
flags
*Reflectance estimate

Level 2 - GLA12-15
Regional products for
ice sheet, sea ice,
land, and ocean
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sCorrected surface
elevation

*Footprint location

*Elevation distribution
within footprint

eLaser off-nadir pointing

sSpacecraft orbit

«Corrected Range

«Atmospheric delay

*Tidal Values

*Geoid

*Elevation quality flags

«\Waveform quality flags

sAtmospheric condition
flags

*Reflectance estimate

*Region-specific output
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WAVEFORM ALGORITHM IMPLEMENTATION

e Algorithm Ground Rules

— One algorithm will be used to process data over all
surface types.

— Algorithm will be driven by a surface-dependent
parameter file.

 one set of parameters for ice sheet, seaice, and
ocean

— maximize repeatability of mean elevation over time

— minimize atmospheric effect on the derived
elevation

 one set of parameters for land
— preserve all peaks inherently present

— calculate elevations for all surfaces present in
footprint

— Algorithm will implement the prototyped methodology,
but will also include other capabilities that have been

proven to be beneficial in ice radar altimetry processing
to allow for improvement.
Nov.30-Dec.1, 1999
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PRELIMINARY RANGE & RETURN SIGNAL
CHARACTERIZATION

WR, Location o Decompress| |calculate Signal region, ( Signal Region, Nosignal flag,
eference Gate(T)\ | |\Waveform 1, Waveform shape || Kurtosis, Skewness,
Compression characteristics, and Centroid(Cg), Area under
constants, p,q, preliminary range signal, Preliminary Range
. J
Prelimin&r/ Range (Ry)= (Ty-Tp)*c/2
.

/—WR

AR
Signal Threshold Signal
:N*noise_\ end
T : C
Pl 4=Cy Signal R T R
begin
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FITTING OF RECEIVED PULSE WAVEFORM

*Fit Received Pulse to Model
«Calculate Agy Wrpm: Merms F R

6 E,
w(t)=e+ A, exp - =Mwf MZRM)Z
1 ZGRM

Range to mean surface with timing cor - (Mgp-M+y,)C/2
?v rRM™~ VTV R

W Preliminary Range

< Ty
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WAVEFORM ANALYSIS OUTPUT PRODUCT

GLADOS - level 1b global waveform product containing all parameters
calculated from the waveform at the full data rate

« UTC time
 Laser off-nadir pointing vector
 Spacecraft Orbit vector
» Reference Range
 Preliminary range increment
» Range increments to first
and last threshold crossings
* Preliminary geodetic location
» Received Waveform fit (output for
other and/or land surf type)
*Number of Peaks
sGaussian parameters
*Errors on Gaussian parameters
*Goodness of fit (P 2)

«Saturation flags and amounts
*Transmit and Receiver Gains
*Transmit and Receiver optical to
detector volt efficiency
*Transmit and Received Pulse
Characteristics
*Area under pulse
sPeak amplitude
«Centroid and skewness
sGaussian fit parameters
*Ranking of peaks for multi-peak
receiver pulse Gaussian fit
sSurface type I1D(s)

Nov.30-Dec.1, 1999
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GEOLOCATION OF FOOTPRINT & DETERMINATION
OF SURFACE TYPE(S)

Precision Precision
Orbit Attitude

II:frI\IrQI(nR?r))/ e B Interpolate Mf_erge
T 9° Wprh N Bounce Time,(Tg) > —» attitude

ransmit Shot Orbitat T

T 4 attime T
Time(Ty) ot :
v A 4 Surface
l ID Grid
: : _ Preliminary Determine
Pl"Ae\tlf:‘::]lijgz,rolgt;ﬁ’ . —> Gleolqcstlon eodetic Latitude (N pg)|—»| Surface
y ~Rang algorithms and Longitude (8 pr) Type(s)
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RANGE CORRECTIONS

Geodetic Latitude (N),

Attitude, Orbit,
Range to Mean )™
Surface (R,,)

Time,
Meteorological
Grids

Time, N, 8,
Tidal Coefficients
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Geolocation and Longitude (8),
algorithms uncorrected surface
elevation, H
N, 8, H
L \

-

Atmospheric Delay
Algorithms

Tropospheric Range
Delays, Rcor,,, and

Tide
Algorithms

RcorOltIrOID

£ )

Ocean, load, solid earth,
and polar tides
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CORRECT RANGE AND CALCULATE PRECISE

GEOLOCATION
s D
Egg:"“mp’ | Rme=Rm*RCONop*t | [ICorrected range to mean
R, dtrop: Rcor o+ tides Surface (R )
. J
RmC
l —
: _ _ Geodetic Latitude (N),
Attitude, Orbit \_,| Geolocation and Longitude (8),
algorithms corrected surface
elevation, H,

. J

N, 8

I . .

: _ Bi-linearly Geoid value used to
Geoid Grid — Interpolate to ——» reference H to mean

correct location sea level
- i/
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REFLECTANCE CALCULATIONS

Area under Wy,
Area under Wy,
Transmit and
Receiver
ains and Efficiencie

Nov.30-Dec.1, 1999

Reflectance

-

algorithm - TBD
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Estimate of Surface
Reflectance
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LEVEL 1B - GLAO6 — GLOBAL ELEVATION PRODUCT

*Corrected preliminary surface elevation
*Footprint location

*Elevation distribution within footprint
_aser off-nadir pointing

eSpacecraft orbit

*Corrected Range

*Atmospheric delay

*Tidal Values

eIncrements to calculate mean surface elevations
*Geoid

Elevation quality flags

*\Waveform quality flags

«Atmospheric condition flags
*Reflectance estimate
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LEVEL 2 - GLA12-15 REGIONAL PRODUCTS FOR ICE
SHEET, SEA ICE, LAND, AND OCEAN

«Corrected surface elevation
*Footprint location
*Elevation distribution within footprint
_aser off-nadir pointing
eSpacecraft orbit

*Corrected Range
*Atmospheric delay

*Tidal Values

*Geoid

*Elevation quality flags
*Waveform quality flags
«Atmospheric condition flags
*Reflectance estimate
*Region-specific output
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WAVEFORM AND ELEVATION PROCESSING
Practical Considerations

« Programmer/Procedural Considerations

— The program must be able to process data from all

surface types or to select and process only ice sheet
and sea ice data.

— Each algorithm should be programmed modularly so

alterations to an individual algorithm will only affect that
module.

 Quality Control and Diagnostics

— Summary information on the processing must be

provided to allow the science team to assess the quality
of the data and related products.
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Nov.30-Dec.1, 1999

WAVEFORM ANALYSIS

LeeAnne Roberts
Raytheon ITSS

Greenbelt, MD 20771
email: leeanne@icesat2.gsfc.nasa.gov

phone: 301 614-5917
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WAVEFORM SUBSYSTEM

 Requirements

— Implement GLAS ATBD “Derivation of Range and Range
Distributions From Laser Pulse Waveform Analysis for
Surface Elevations, Roughness, Slope, and Vegetation
Heights”, version 2.0.
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 Inputs

WAVEFORM SUBSYSTEM

— GLAO1

Nov.30-Dec.1, 1999

r_wf trans

r wf rec
d_compression
|_ndxCompChg
r _tel sat
d_FiltWidthMin
d_FilterOb

d TimeGatelTr
d TimeGatelRec
d UTC1stPTime
d_dShotTime
d_bgNoiseOb

d _sDevNsOb

Transmitted Pulse

Received Waveform
compression ratios for Rec WF
Gate index where comp. changes
Telemetered saturation

Min filter width

Observed filter width
Transmitted pulse gate-1 time
Rec WF gate-1 time

UTC time of 1st shot of frame
delta shot times

Observed background noise
Std dev of d_bgNoiseOb
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WAVEFORM SUBSYSTEM

 Data passed through
— telemetered noise level
— received pulse gain
— received energy
— transmitted energy
— transmitted gain
 Ancillary Data
— waveform characterization and functional fit parameters
— precision orbit data
— precision attitude data

— surface identifier grid
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WAVEFORM SUBSYSTEM

 Outputs
— GLAOS parameters
« UTC time of transmitted pulse

 Range from peak of transmitted pulse to last
telemetered gate (d_refRng)

* threshold retracker offset
« max amplitude of smoothed WF
« POD position vector

« PAD pointing vector
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WAVEFORM SUBSYSTEM

 Outputs

— GLAOS parameters

Nov.30-Dec.1, 1999

Uncorrected Geodetic latitude & longitude
Uncorrected Surface Elevation

surface region flags (land, ocean, ice sheet, seaice)
telemetered noise level

received pulse gain

received energy

transmitted energy

percent of signal saturated from signal begin to end

transmitted gain
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WAVEFORM SUBSYSTEM

 Outputs
— GLAOS5 parameters - two values (land & other-than land)
* kurtosis of raw WF from signal begin to end
 skewness of raw WF from signal begin to end
 initial number of peaks found during fit
e gaussian fit noise level
 amplitude of gaussian fit peaks
* sigma of each gaussian fit peak
» position of each gaussian fit peak

 standard deviation from the covariance matrix for
each fit parameter
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WAVEFORM SUBSYSTEM

 Outputs

— GLAOS5 parameters - two values (land & other-than land)

Nov.30-Dec.1, 1999

flags indicating successful fit & fit convergence
criteria met

chi squared of functional fit

ranks of each fit peak

area under raw WF from signal begin to end
time offset from d_refRng to centroid of raw WF
time offset from d_refRng to signal begin

time offset from d_refRng to signal end

saturation flag
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WAVEFORM SUBSYSTEM

 Outputs

— GLAOS5 parameters - transmitted pulse characteristics

Nov.30-Dec.1, 1999

amplitude of gaussian fit

sigma of gaussian fit

location of gaussian peak

skewness of raw transmitted pulse
centroid of raw transmitted pulse
area under the raw transmitted pulse

max amplitude of raw transmitted pulse

ICESat SIPS Software CDR - Day 2
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WAVEFORM SUBSYSTEM

ancFileParams

d_FitteriCkb d_Timeatel Tr
d_Filtvwicithkdin d_TimeGate1Rec
r_tel_sat o_UTCT =tPTime
. - W_Crecastats
. i_nekxCompChg d_dShotTime -
—':E'EF:r‘;’:f” d_bghoiseCh
e LY d_sDevhsOh
r_wef_trans * ;
1.1.41 i_errLoc
wy_cirl ;
- i_errPOD sty
4 W _Aszess _hadFrame
d_relTime - W gual
o_wf_sm ; " I_sesice ihch<Bleg iNdXEdndhg Moize
o_maxSmamp f T |_iceshest d_relTimne d_sDevioize
i_zatFlag |_ocean d_wi_s T land
o_portSat I_land r_wf_rec |_ocean
ol_by_Moise - o_elevPrelncor we_Ctrl |_iceshest
d_zDevhloize d_langPreldncor  ancFileParams 1440 I_zeaice
o _refRng d_latPrelncor
d‘?aﬁmogff e
- q d_parmTr W_FunctionalFt
o_preRngOff d_centraidTr
d_thRtkRngOft -
i_ndxBegin d_areafr d
i_noxEnd d_maxTrAmp —parm \
d_areaReciF d_centraid i_nPeaks _ _
¥ od_kurt i_rank . I_fit_maxiter
d_maxRechmp  d_skew d_zolnSigmas |_fithooo
d_wiFit=Dev
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Level 1B Waveforms
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W_CalcRelTime

W_CharTrPulse

l

W_LsqFit

W_CalcFnP

WAVEFORM SUBSYSTEM

W_Assess

W_GetAsQAStats

W_InvertM

W_CkParms

W_CkConv

W_CalcNoise

W_CalcThRetrkr

W_CalcCtMxArAs

W_Ck4Sat

W_DetGeoRgnTyp

C_InterpPOD

C_CalcSpLoc

C_GetRegions

W_SmoothPreRC

W_CalcRefRng

ICESat SIPS Software CDR - Day 2
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WAVEFORM SUBSYSTEM

W_FunctionalFt I W_GetFfQAStats I

W_ParamWithFit

W_PerformFit

W_Calc2ndDer

|W_combinePeaksI | W_CalcFnP I

W_InvertM
| W_RankPeaks I | - I

| W_CkParms I
| W_GetHstNdxI I
| W_CkConv I

W_RankAllPeaks
| W_RankPeaks I

W_combinePeaksI
W_GetHstNdxD I

W_LsqFit
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Waveform Subsystem

WEMOr
1141 et _WF
I_hadFrame s wi_meta
l—WFq'."al g d_skewTr O
|_seaice 3 d_arealr
|_icesheet 3 d_parmTr
_I acean d_centroidTr WE_YWrapup
- d_maxTramp -
I_land d_maxRecAmp g d_parm 1148
d_elevPrellncar i nPeaks
d_longPrellncaor 3 B 3 - result code
d_latPrelncor ilﬁg}{é{ndegm i_rank _ Te -
d_centraid d_areaRecwF |4 d_soinSiamas A glals_data
d_kurt 4 thRtRngOT L3 SWIFitSDev o W Sy
Sk | A% minRngor |4 |ft_nogo
A4 preRngOfR |_fit_rnaxiter TCtrl_out
w_Et Ty FraeRngOR wi_ctrl WF_Data “a
r_wf_trans - -
r_wf_rec 33 @ " e tj_wf_rec
i_ndxCompCho _ret=ng .
4 Tompresion o 4 ba, Noise | J_wi_sm W_CreQAStats \Airite_tAF
d_FiltAiginhin & ¢ d_sDevMoise |{d_relTime 1145 1145
d_FilterOb 33 3 d_pentsat MNekBeain 14, 14,
3 i_satFlag MdxEnd
r_tel_sat ho Moise
d_Timel stGaleRee o | _Pg_Mois
d_Time1stGateTr 3 d_maxSmamp _sDevhoize GLADS_Data
d_LITCT 2tPTime 33 _land fistrl Duti
d_dShatTime : ocean B
; d_relTime —
. d_ggNNDISOEbﬂb 3 "Orgd i, _icesheet
—SHEE i_erPOD _seaice result_code
$ i_errLoc
WW_Assess
Ascpss W_FunctionalFt wite_glals
1142 1.1.4.3 1147

Level 1B Waveforms Structure Chart
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WAVEFORM SUBSYSTEM

Wi_Azzess o d_thRikRng Off
Assess towi rec
. ~od i i_surfalgB
d_comprassion  9-TEITIME 11421 %OI:J;I’EITIFHE Q_;i_sur&dgE
i_ndsOfCompchg i cosd_refRng
) = 3 o d_maxsmAmp
i hxEnd i_errLoc R
/ . _ k., d_centroid
W_CalcRelTime d_arealr = m'a Kmﬁfrﬁlgtg H_enPOD K, d_skew W_CalcThRetrkr
11422 d_maxTtAmp .7 - _land K d_kurt 114210
d_skewTr = d_pteRngOff ] '—_':"3‘35'” d_areaRecyF
d_centraidTr d_rinRngof 4 H_icesheet d_maxRecAmp
- i r_wf_rec
d_parmTr = d_ghaxRnoof |_seaice ~d relTime
r_wf_tra ﬂjo d_sDevMoise 2 i suritlgb d_elevPralncor Q"“o:ﬁggﬁl%ﬁgE
d_bg_Maise 2 . d lonoPreUncor i_ndxBegin
d_relTirne _surtIgEY | [40-long g ndvend
N - 3 d_latPrelUncar 4
r_wf_rec sDevMoise — 2y
Wi_ChatTrPulse ; W CalcCthxAriAs
= d_hg_Moize -
Characterize f 4 refR - g Calculate
refRn i
11423 ~remna '/ o_Fitterob 11429
d_Filtwidthming
d_TimeGate1Re: g d}{OfCDmpChg$ % i Ctrl % '—15::':'39
- d_preRngOf rA_fec
_ d_T|meGate1Tr.,? d_cnmpressinnw? - g C il sat
Wi_Calchoise . E gd refRng _1Bl_
1420 d_centroidTr d_relTimed - i_surfalgB
LT 0 d_dShotTime
d_relTime f r Wi rec 3 3 - i_surfAlgE
4 9449 d_UTC1stPTime )
W_Smaooth Calc WW_Ck45at
W_CalcRefRhg Smooth WF W_DetGeoRgnTyp Check WF far
11425 11426 11427 11428
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Assess Waveforms & Calc Std Range Offset Structure Chart
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WAVEFORM SUBSYSTEM

W_DetGeoRgnTyp

114271
i_errPODC;:
d_PODprEEtCﬁ i errLl:ucg
A-UTespetlime d IatF‘reLJnn:n:nrg
i_dim zo _ g
£ d_longPrelncar A, i_regions
d_elevPrelncor
C_InterpP oD

114272

d_preF{ngUncnri
d_POngguEE@ d_latPrellncor

d_PADpnthec@

d_UTCspntTim@

d_longPreldncor

i_dim
i_dimﬁ* 9
C_CaleSploc C_GetRegions
114273 114274

W DetGeoRgnTyp Structure Chart
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WAVEFORM SUBSYSTEM

W_FunctionalFt

11.4.31
d_params
i_nPeaks
i_peakRank
d_solnSigmas
_mat gd wiFitSD
d_nPeak_min —Hrl i
|_maxiter] | ,|_fitMogo
I_seaice? |_fit_maxiter
I_icesheet?
|_ocean
I_land
d_sDevMoise
d_bo_Moise
i_ndxEnd
i_ndxBegin
d_relTime
d_wf_sm
et _rec

Wi ParamvithFit
114352

Calculate Other WF Characteristics Structure Chart
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WAVEFORM SUBSYSTEM

Wi ParamiithFit

114521
d_est3igmas J
d_estParms I_fit_maxiter
i_nPeakEst |_fithogo
i_nPeaklnit Jd wiFitSDey
d_solnSigmas
d_salnParms
i_nPeakSaln
it

d_nPeak_min

d_sDevioise d_sDevMoise
d_bhg_Maise d_bo_Moise
i naxEnd d_estSigmas
. d_EI . d_estParms
_dEEegin i_nPeakEst
d_rminArmp i_nd<End
d_relTime 7 i_ndxBegin
d_minAmp
d_wf_amg d_relTime
r_wf_rec
W_EstFarams Wi_PerfarmFit
114522 114523

Nov.30-Dec.1, 1999

% i_peakRank

d_parms
i_maxPeaks
O& i_nPeaks
OM i_mFs

2

W_RankallPeaks
114524

iPeakRank

d_areaPeakinit

dParms‘i

i_maxF‘eaksﬁv)
iNPeaks ],

W _PRankPeaks

W _ParamWithFit Structure Chart
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WAVEFORM SUBSYSTEM

W_EstFarams

1145221
d_mﬂndDerg I
3 d_estSigmas
il d_estParms
i_nPeakEst
i_minNdxﬁ i_nPeaklnit
d_relTime@ ‘ii_ma}mt
d wi Smi ﬁd_nPeak_min
- ? ‘id_bg_Nnise
_, d_sDevMoizse
i_ndxBegin
W Calc2ndDer i_nd=End
d_minAmp
1145222 d_relTime
d_wf_sm
‘ﬁ, d_wf2ndDer
W_Estimates
1145223
d_parms
jFeakRank
i_peaks d_areaPeaklnit
i_rmThesePeaks g:pﬂ idF‘arms
\ '—d”:p Mo \ ii_ma}{Peaks
iMPeaks
vl

Wi_comhbinePeaks

1145224

W_RankFPeaks
1145225

%, INDX

iAmaxtpks
“y o imAminNpks
S iQAnBinMNpks
2y i_WFnPeakinit

o

W GetH st dxl
1145226

W _EstParams Structure Chart
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WAVEFORM SUBSYSTEM

W_PerformFit
1145231
|_fit_maxiter g
i_rmTheseF‘eaksg dEstFarms
I_ﬂtNDgD’OP i_peaks
d_wrFitSDevg KC&
d_snlnSigmasg
im0
d_snlnF’armag
i_rmTheseFeaks
OS‘ iCirm
3 iPeaks Q"“
ir—m d—""""TFitSDEI'"ICE Q) W_combineleaks
9 d_relTime  IQAnBInSdevFitS,
9 iNcx@egin d@AminSdeFits,
dGAmarSdevFit
¢ iNdkEnd b
3 d_weights

W LsgFit

11452353

3 d_estParms
3 d_estSigmas
ﬁ dminAmp
3 i_maxiter

W GefHstMdxD
1145233

W _PerformFit Structure Chart
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WAVEFORM SUBSYSTEM

d_wf_fn c;ﬂ
d_parials O’ﬂ

d_parms f?hﬂatrix
iPeaks h?
d_nebTirme s 7 iDim

u? k? it &xDirm

Wi CalcFnP Wi lnverthd

11452322 11452323

I_invertok

W_LsgFit
11452321

d_deltaa%/
d_parma%

i_rmThesePeaks
g |_converged
i_nPeaka?l,
d_timeElegin?b
d_timeEnd
drminAmp i_hPeaks
d_dNshaxT,
d_dﬂmphﬂa}{ﬁ d_parms
d_dTmMax% 3u:i_l:ieltas
d_ngmMa}{‘i
d_sigmantinitJ | | ‘d_dCony
d_inty_min J, ﬁ
Wi_CkParms W CkCony
11452324 11452325

W_LsgFit Structure Chart
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WAVEFORM SUBSYSTEM

If these variables change:

land algorithm parameters

non-land algorithm parameters

orbit (POD)

attitude (PAD)

Then these actions are taken:

W_Assess / W_SmoothPreRC

W_Assess / W_Ck4Sat

W_Assess / W_CalcCtMxArAs

W_Assess / W_DetGeoRgnTyp / C_InterpPOD

W_Assess / W_DetGeoRgnTyp / C_CalcSpLoc

Calculate Functional Fit (W_FunctionalFt)

Reprocessing Decision Table

ICESat SIPS Software CDR - Day 2
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WAVEFORM SUBSYSTEM

W_Aszess

GLAS Error

z.1* e E—
Initi
|1
W_FunctionalFt
Z.E* el
call W GetlAsQARtats[ -~~~ ~"-°~
do: create
return Q& data WF Q&
statistics
call W GetF{fQAStats
return Q& dat,a.'
ask for Q& statistics f
call W _CreQi3tats
Level 1B Waveforms
State Diagram
Nov.30-Dec.1, 1999 ICESat SIPS Software CDR - Day 2

Error
hiler Done
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WAVEFORM SUBSYSTEM

" “ WM CalcPelTime ]
L L —
LR
\:\k:x l I W CharTrPulse )
"o —
LR
TR WM CalcHoise )
LR . s -_—
1 . s
v . ~ Lm W_CalcPefPng )
Lo Ly s
1 Y .
N . N o _______ W_SmoothPrelC ]
1 L

bl

1
o . a !
Lo e - W_DetlFecRanTyp . :
1., -.1 "I .
] b !
v i !
[ C_InterpPOD ] i 4 !
1 1
1'. l"\. !
L b !
1 [ C_CalcEpLoc ] "I :
L | ! !
] hs !
b b !
1
1
1

1
C GetBRegions ] 1
] L W, -
L \

Y

1 . 1

Y Y 1
I e e e e e e e e e e e e e e oo I __ ! I']_':]'I 4Sat jl —————————————————

1
1

1

1 -"| I'l !
i \ 1 !
v . _ ! IlI_CalcCtHxArAsjl _________ Lol '
hl i 1

. L .
g W_CaleThRetrkr ] Lo
RS
I
1

.[ W_GethsQiftats ]

Assess Waveforms & Calc Std Range Offset
State Diagram
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WAVEFORM SUBSYSTEM

with Fit

Parameterize TF
W_GetFIiQAStats

Z.E.3*

done

W _FunctionalFt State Diagram
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WAVEFORM SUBSYSTEM

e FErrors

— Critical Errors (processing in W_DetGeoRgnTyp will
stop and flags will be set)

 critical error from C_InterpPOD
 critical error from C_CalcSpLoc
— Flags set for
* No signal found
e Singular matrix encountered during functional fit

* Fit process exceeds max iterations without
converging

e Bad frame
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WAVEFORM SUBSYSTEM

QA Statistics (all WFs, land, ice-sheet)
— WFs processed
— percent with excess saturation
— percent with no functional fit
— percent no-fits due to singular matrices

— percent with no signal

Nov.30-Dec.1, 1999 ICESat SIPS Software CDR - Day 2 Page 40



WAVEFORM SUBSYSTEM

QA Statistics
— histograms (all WFs, land, ice-sheet)
 skewness
o kurtosis

e percent (saturation / real signal) from signal begin to
end

« number of iterations during fit
 initial number of peaks found in smoothed WF
 number of fit peaks

o difference between centroids of raw WF & fit for last
peak

e standard deviation of fit to raw WF
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WAVEFORM SUBSYSTEM

QA Statistics

— histograms (all WFs & ocean)
e time delay from raw WF centroid to last fit peak
* time delay from signal begin to last fit peak
e time delay from last fit peak to signal end
e chi squared of fit

— histograms (all WFs & sea-ice)
e time delay from signal begin to raw WF centroid
e time delay from raw WF centroid to signal end
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WAVEFORM SUBSYSTEM

e Status

— Waveform Functional Fit module
e coded & tested
e currently experimenting with ancillary parameters

— Waveform Assessment
e coded
e currently testing

— Waveform QA Statistics
» developed
« W_FunctionalFt & W_Assess QA subroutines coded
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WAVEFORM SUBSYSTEM

ancFileParams d_TimeGate1 Tr d_Fittvictthilin

o_compressian i d_TimeGatelRec o ;

_Eamp ancFileParams d_n::eritrn:udTr _ d_ndequmpChg o_FitterCia _

i_nd=OfCompChy d relTime o_compresszion d_bg_Moige
= r_wwf_rec d_sDevMoize

11411 ancFileParams 1414 ancleParame ii_sSL:JrrfoEEIE
r_wf_trans W_CalcRef “d_relTime

Rng 1415

W_CalcRelTime

W SmoathPreRC

d_bg_Nn:niseL

d_refRng
d_relTime d_sDevhioize i_ncxBegin 4
o_parmTe d_areaTr | surtAlgE i_nictxEnd f i o_tmaxRnao
d_centroidTr d_maxTrAmp - i sUrAlGE d_msxsmAmp d_minRngof
o dShotTime d_skew d_relTime i nckxBegin d_wf_zm d_preRngOft
iy r_wvf_rec i_ndxEnd ancFileParams

d_refRng

o _UTC =tPTime
d_preRngOf

we_ctrl

i_surtilgB

i_surfilgE

d_refRng
d_maxSmimp

d_relTime
r_wef_rec

M1418

ancFileParams WY CaloCthAr s

r_tel_sat i_surfAlgB
vl rec i surfalgE

*1.1.4.1 6%

1418

*1.1.4.1.10

W_DetGeoRanTyp MA4aTF

W_CalcThRetrkr

W_Ck4Sat i_GetheanStats

d_centroid o_kurt
d_maxRecampy d_skew
I_land i_errLoc +

) d_areaRecF
|_ocean i_errPoD i_satFlag o_thRtkRngoff
|_iceshest d_latPrelncar
|_zesice e o longPreUncor asl,
d_elevPrelncor

Assess Waveforms & Calc Std Range Offset
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WAVEFORM SUBSYSTEM

d_UTCspotTime

i_dim

4161

C_InterpP oD

) .

d_PoDposyvect

Nov.30-Dec.1, 1999

d_PADpRtgect
d_PoDposvect
d_UTCzpotTime
i_dim

d_preRngUncar

14162

C_CalcSploc

i_err
d_elevPrelncar

d_longPrelncar
d_latPrelncor

W DetGeoRgnTyp
DFD

ICESat SIPS Software CDR - Day 2

d_latPrelncaor

i_glim d_longPrelncar

M41673

C_GetRedions

v

i_regions
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Nov.30-Dec.1, 1999

WAVEFORM SUBSYSTEM

d_bg_Moize
i_nclxEnd d_sDevioize
i nidxBegin |_l=nd
. |_ocean
d_relTime | iceshest
d_wef_=m

|_zeaice
I_maxiter
d_nPeak_min
i_matit

ot _rec #1420

YW ParamithFi

i_peakRank
d_zolnSigmas
d_wiFitSDey
|_fithlogo
|_fit_maxiter

W_FunctionalFt
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Nov.30-Dec.1, 1999

i_nd=Begin
d_minAmg
d_relTime

WAVEFORM SUBSYSTEM

i_nd=End
d_bg_Maize i_nd=E
d_zDevMoize i_nd=Begin
ol _nPeak_min o_minAmp
i_mancfit d_relTime
F_wef_rec

A2

W_EstParams

M4223

W_RankAlPeaks
calls

W RankPeaks

i_peakRank

W_ParamWithFit

ICESat SIPS Software CDR - Day 2

4222

W_PerfarmFit

i_nPeakEst

nd o_estParms

d_estSigmas

d_bo Moize
d_zDevMoize
i_maxiter
d_nPeak_min

i_nPeakinit
i_nPeakEst d_estSigmas i_nPeakSoln
d_estParms i_NPesaks d_szolnParms I_fit_maixiter
i mAFs i_maxPeaks d_zolnSigma®  |_fitMogo
- d_parms o_wiF=Dev
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WAVEFORM SUBSYSTEM

i_minkdx

d_relTime i e
d_wf_zm —

2211

W Calc2ncDer

d_wf2ndDer

i_ncxBegin
d_minAmp | i_noxEnd
d_relTime d_bg_Moize

d_wf_sm d_sDevMoize
d_nPeak_min
d_wf2ndDer i it
2212
W_Estimates
i_nPeakinit
d_estSigmas

i_nPeakEst

d_estParms

W _EstParams

Nov.30-Dec.1, 1999
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WAVEFORM SUBSYSTEM

i_ddim
i_rmThesePeaks

22121 i2&mintpks

i_maxPeaks

i WWFnPeakinit
iMPesks dParims

W_combinePeaks

22122

W RankPeaks

i_peaks

d_parms

iMC

iPeskRank  d_areaPeakinit

W_Estimates
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WAVEFORM SUBSYSTEM

d_weeights
itk End d_estParms
irctxBeqin d_estSigmas
d_relTime
r_wef
iPeaks

cminAmg

i maxiter

\ d_=zolnParms

d_zolnSigmas
o _wefFitSDesy
|_fithogo
i_rmThezePeaks
|_fit_maxiter

Nov.30-Dec.1, 1999

i_dim
i_rmThezePesks

*q2L22

W _combinePeaks

dEztParms

W_PerformFit

ICESat SIPS Software CDR - Day 2

o _wefFitSDesy

iGAnBEinSdevFi
diaAminsdevFit

oA maxSdevFit

2223

W _GetHsthdxD

MO

Page 51



WAVEFORM SUBSYSTEM

iPeaks

d_ndxTime d_parms

222141

W CalcFrP

ind=zDim iDitm

X

d_wi_tn d partials

Plartriz I_invert Ok

Nov.30-Dec.1, 1999
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d_deltas
d_parms d_dCony
i_nPeaks
o_odMshiax
diminAmp d_damphdax
d_timeEnd o_dTmhds:
d_timeBegin d_dSombdas
i_nPeaks o _sigmahdinit
d_inty _rmin
*22213
|_converged

W CkParms

. d_parms
i_rmThesePeaks d_deltss

W LsqFit
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WAVEFORM SUBSYSTEM

11431

W_GettsaStats

1433 GLADS data

W CalcAzGAStats
Az,

M1432 o

Az,

W_GetFfadStats
W_CalcFfasstats

ffaa,
ffaa,

W _CreQAStats
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ELEVATION ATBD SUMMARY/PRODUCTS

Suneel Bhardwaj
Bldg. 33, Room B129
Raytheon ITSS

Greenbelt, MD 20771
phone: (301)614-5729

email: suneel@icesat2.gsfc.nasa.gov
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ELEVATION SUBSYSTEM

 Requirements

— Implement Range Distribution/Waveforms
ATBD-GLAS-07 version 2.0

— Implement Atmosphere Delay Correction
ATBD-GLAS-06 version 1.0

— Implement Laser Footprint Location ATBD-GLAS-02
version 2.0

— Implement Ocean Tidal Loading Corrections
ATBD-GLAS-05 version 2.0
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ELEVATION SUBSYSTEM

 Requirements (continued)

— Create level 1B elevation products (GLAQ6)

Elevation (40 Hz)
Corrections to the elevation
Reflectance

Slope

Data Quality information

Precision Orbit Georeference location, etc.

— Create level 2 elevation products (GLA12-15)

Nov.30-Dec.1, 1999

Region Specific Elevation (40 Hz)

Corrections to the elevation

ICESat SIPS Software CDR - Day 2
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ELEVATION SUBSYSTEM

 Requirements (continued)
» Reflectance
* Slope
o Data Quality information
* Precision Orbit Georeference location, etc
— Create level 1B and 2 QA statistics

 Histogram of corrections
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ELEVATION SUBSYSTEM

« Level 1B and 2 Inputs

Met Data (GLA ANC 01)
Range
POD position vector

PAD pointing vector

Geoid grid (GLA ANC 13)
Tide coefficients (GLA ANC 15-17)
DEM (GLA ANC 13)
Time

Waveform characteristics
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ELEVATION SUBSYSTEM

« Level 1B and 2 Outputs
— GLAOG6 Elevation File parameters
— GLA12 Ice Sheet Products File parameters
— GLA13 Sea lce Products File parameters
— GLA14 Land Products File parameters
— GLA15 Ocean Products File parameters
— GLA ANCO06 QA parameters
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ELEVATION SUBSYSTEM
Levels 1B and 2
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Level 1B and 2 Elevation DFD
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ELEVATION SUBSYSTEM
Levels 1B and 2

ElevMgr
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Elevation Processing Manager Structure Chart
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ELEVATION SUBSYSTEM
Levels 1B
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Level 1 Elevations Structure Chart
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Nov.30-Dec.1, 1999

ELEVATION SUBSYSTEM
Levels 1B
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Level 1 Elevations Structure Chart (continued)
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ELEVATION SUBSYSTEM
Levels 1B
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ELEVATION SUBSYSTEM
Levels 1B
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Reprocessing Scenario Stages For Level 1B Elevation

Nov.30-Dec.1, 1999

ELEVATION SUBSYSTEM

Levels 1B

Variables State

POD Yes [No |No [No |No No [No |No [No |No [No |No
PAD No |[Yes |[No [No |No No [No |No [No |No [No |No
Met Data No [No |Yes [No |No No [No |No [No |No [No |[No
Std Instr Range No [No |No |[Yes |No No [No |No [No |No [No |No
Land Instr Range No [No [No [No |Yes |No |No [No |No [No |No [No
Ocean Instr Range No [No [No [No |No Yes [No [No |No [No |No [No
Sea Ice Instr Range No [No |[No [No |No No |[Yes [No [No |No [No |No
Ice Sheet Instr Range No [No [No [No |No No [No |Yes [No |No [No |No
Load Tide Model No [No [No [No |No No [No |No [Yes |[No [No |No
Ocean Tide Model No |No |No |[No [No No [No [No |[No |[Yes [No |[No
Earth Tide Model No |No [No |[No |No No |No [No [No |No |Yes |[No
Geoid Model No |[No |No [No [No No [No [No [No [No [No |Yes
Action

Level 1B Elevation

Load Tide Corr No |No |No [No [No No [No [No |[Yes [No [No |[No
Ocean Tide Corr No |[No |No |[No [No No [No [No |[No [Yes [No |[No
Earth Tide Corr No |No [No |No |No No |No [No |No |No |Yes |No
Geoid Hgt No |No |No [No [No No [No [No [No [No [No |Yes
Trop Corr No |No [Yes |[No |No No |No [No [No |No |No |[No
Std Instr Range No |No [No |[Yes |No No |No [No [No |No |No |[No
Land Instr Range No |No [No |No |Yes [No |No |No [No [No |No |No
Ocean Instr Range No |No [No |[No |No Yes [No [No |[No [No [No |No
Sea Ice Range No |No [No |[No |No No |Yes [No [No |No |No |[No
Ice Sheet Range No [No |No [No |No No [No |Yes [No |[No [No |No
Interp POD Yes [No [No |No [No No [No |[No [No |No [No |[No
Calc Std Elev & Spot Yes |Yes |Yes |Yes |No No |No [No [Yes |Yes |Yes [No
Calc Quality Flag Yes?|Yes?|No [No [No No [No [No |No |[No [No [No
Calc Slope & Roughness No |No [No |[No |No No |No [No [No |No |No |[No
Calc Reflectance No |No |No [No [No No [No [No |[No [No [No |[No
Create L1B Quality Stats No |No [No |[No |No No |No [No [No |No |No |[No
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ELEVATION SUBSYSTEM
Levels 1B
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Level 1 Elevations State Diagram
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ELEVATION SUBSYSTEM
Level 2
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Level 2 Elevations Structure Chart
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Reprocessing Scenario Stages For Level 2 Elevation

Nov.30-Dec.1, 1999

ELEVATION SUBSYSTEM
Level 2

Variables State

POD Yes [No |No |No |[No No |No |No ([No [No
PAD No |Yes [No [No [No No |No |No ([No [No
Land Instr Range No |No |Yes |[No [No No |No |[No |No |[No
Ocean Instr Range No [No |No |[Yes [No No |No |No ([No [No
Sea Ice Instr Range No [No |No [No [Yes [No [No |No |No |No
Ice Sheet Instr Range No [No |No [No [No Yes [No [No |No |[No
Land mask No [No [No |No [No No |Yes |[No |No [No
Ocean mask No [No |No [No |No No |[No [Yes [No |No
Sea Ice mask No |No |No [No |No No [No [No |[Yes |No
Ice Sheet Mask No |No |No |No [No No |No |No |No [Yes
Action

Level 2 Elevation

Interp POD Yes [No |[No |No |[No No |No |No ([No [No
Check region No |No |No [No |No No |Yes|Yes|Yes|Yes
Calc Region Sp Range No [No |Yes|Yes| Yes |Yes|Yes|Yes|Yes|Yes
Calc SpotLoc Yes|Yes | Yes|Yes | Yes |Yes |Yes|Yes|Yes|Yes
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ELEVATION SUBSYSTEM
Level 2

Jtarc L El=ymtlion
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End
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Level 2 Elevations State Diagram
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ELEVATION SUBSYSTEM

e FErrors

— File I/O errors

— No POD file for time of data Action:
— Incorrect value read from file  Action:
— Exceed Maximum iterations Action:
— Off-nadir pointing > spec. Action:
— Height > max ht in Met File Action:
— Height <min ht in Met File Action:

— Arithmetic Errors

Nov.30-Dec.1, 1999

Action:

Action:
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Warning
Warning
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ELEVATION SUBSYSTEM

e Status

Coded Met Delay Corrections module, and tested using
code supplied by Science Team

Coded Geolocation module, currently testing using data
provided by Science Team

Coded Interp POD module, currently testing using data
provided by Science Team

Developing Tidal Corrections modules, which will be
tested using data provided by Science Team
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ELEVATION SUBSYSTEM

Supplemental Material
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ELEVATION SUBSYSTEM
Level 1B
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ELEVATION SUBSYSTEM
Level 1B
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ELEVATION SUBSYSTEM
Level 1B
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ELEVATION SUBSYSTEM

Level 2
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ATMOSPHERE ATBD SUMMARY/PRODUCTS

Steve Palm
Science Systems and Applications Inc.
Code 912, NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771
301-614-6276
spp@virl.gsfc.nasa.gov

Kristine Barbieri / Louis Kouvaris
Raytheon ITSS
Code 971, NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771
301-614-5932 / 301-614-5934
Kristine.barbieri@gsfc.nasa.gov
louis.kouvaris@gsfc.nasa.gov
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ATMOSPHERIC MEASUREMENTS

532 Channel: Molecular, aerosol and cloud backscatter during both day
and night using 8 photon counting detectors and actively-tuned, narrow-
band etalon filter (25 pm)

1064 Channel: Cloud backscatter during day and night using SI APD
detector and 8 bit A/D
— S(z) - received signal

C - system calibration constant CE 2

2)T“(z
E - Laser Energy S(z) = A )2 @) + Pb + Pd
B(z) - atmospheric backscatter cross section R

T?(z) - two-way path atmospheric transmission
R - Range from satellite to z
P, and P, - Solar background and detector dark current
Horizontal Resolution:

- 1to 10 km - Full resolution (40 Hz) or 175 meters

- 10to 20 km - Sum of 8 shots (5 Hz) or 1.4 km

- 20to 40 km - Sum of 40 shots (1 Hz) or 7.5 km (532 only)
Vertical Resolution:

- 76.8 meters (1.953 MHz)
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ATMOSPHERE SUBSYSTEM

« Level 1B
GLAOQO7 - Calibrated Backscatter

e Level 2
GLAOS8 - PBL and Aerosol Layer Heights
GLAOQ9 - Cloud Layer Heights

GLA10 - Attenuation Corrected Backscatter and
Extinction Profiles

GLA11 - Thin Cloud and Aerosol Layer Optical Depth
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ATMOSPHERE SUBSYSTEM
GLAO7 - Calibrated Backscatter Profiles

Inputs Qutputs
Normalized Lidar Signals ¢ 5 Hz calibrated backscatter
(GLAO2) profiles from 40 to -1 km (532)
MET Data (GLA ANC 01) and 20 -1 km (1064)
Standard Atmosphere * 40Hz calibrated backscatter
P,T,RH (GLA ANC 18) profiles from 10 to -1 km (532 and
. 1064)
POD Position Vector _ _
R ¢ i e« 532 and 1064 calibration
ange from satellite to constants

start of data
e 1 Hz molecular backscatter

Time profiles (532 and 1064)
 Laser energy quality flag
 Boresite quality flag
« Calibration constant quality flags
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ATMOSPHERE SUBSYSTEM
GLAOS8 - PBL and Aerosol Layer Heights

Inputs

5 Hz calibrated
backscatter profiles
(GLAOQ7)

Molecular
backscatter profiles
(GLAOQ7)

Cloud layer locations
(GLAQ9)

Location of ground
return (GLAQ9)

MET data

Nov.30-Dec.1, 1999

ICESat SIPS Software CDR - Day 2

Outputs

Planetary Boundary Layer
(PBL) height at 5 Hz and 4
seconds

Aerosol layer top and bottom
above 20 km at 20 seconds
(max 3 layers)

Aerosol layer top and bottom,
below 20 km at 4 seconds
(max 5 layers)

Polar Stratospheric Cloud
(PSC) flag

PBL and aerosol layer height
qguality flags

PBL clear/cloudy flag
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ATMOSPHERE SUBSYSTEM
GLAOQ9 - Cloud Layer Heights

Inputs Outputs

e 5and 40 Hz calibrated

Cloud layer top and

(532) backscatter bottom height for

profiles (GLAQ7) maximum of 10 layers at
« Molecular backscatter .25 Hz, 1 Hz, and 5 Hz

profiles  Cloud boundary at 40 Hz
« POD data for one layer below 4 km

 Ground height

 Quality flags for cloud
layers
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ATMOSPHERE SUBSYSTEM
GLA10 - Attenuation corrected Backscatter and
Extinction Profiles

Inputs Qutputs
e 5 Hz calibrated (532) « 532 cloud attenuation
backscatter profiles corrected backscatter and
(GLAOQ7) extinction profiles at 1 Hz
 Aerosol layer product o« 532 aerosol attenuation
(GLAOS8) corrected backscatter and
. Cloud layer product extinction profiles at 0.25
(GLAO9) Hz
« MET data and POD « Backscatter to extinction
location ratios for cloud and

aerosol layers
e Molecular backscatter

profiles o Quality flags
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ATMOSPHERE SUBSYSTEM
GLA11 - Cloud and Aerosol Layer Optical Depths

Inputs Qutputs
e 5 Hz calibrated (532) o« 532 cloud optical depth at
backscatter profiles 1 Hz for up to 10 layers
(GLAO7) « 532 aerosol optical depth
 Aerosol layer product at 0.25 Hz for up to 8 layers
(GLAOS8) and the boundary layer
 Cloud layer product  Multiple scattering warning
(GLAQ9) flag
 Molecular backscatter o Quality flags
profiles
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ATMOSPHERE SUBSYSTEM

 Requirements

— Implement GLAS Atmospheric Data Products ATBD version
3.0

— Create level 1B attenuated backscatter cross section
profiles

— Create level 2 cloud, aerosol, and PBL layer heights

— Create level 2 cloud, aerosol, and PBL backscatter and
extinction cross section profiles

— Create level 2 cloud, aerosol, and PBL optical depths
— Create level 1B and 2 QA statistics
— Create level 1B and 2 browse products
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ATMOSPHERE SUBSYSTEM

GLAANC 18 832_LIDAR 1064 LIDAR GLAANC 12 |h_data_in 532 M_bscs
td atrm dat met_at_1sec 532_bkgd DEM _ time atm_dem
i tirne 532_bscs
GLA ANC 01 prof_loc
4.2+ bs_data_in
int_data_in met_data ATML1E 47 met_prof
532 hscs Calc Ih_data_out ATM L2
- Backscat Calc Cloud f
time 10B4_hscs Cross Sect cld_hts ABrOSD
Layer Heights
41 532_M_hscs Profs aer_hts ¥ g
ATM LB 1064_M_hscs phl_ht QA
Calc Prof met_prof prof_loc
Locs and
Met Data 5372 cal_cof bs_data_plt ot gem S met_praf
1064 _cal_cof b h tirre
832 M hscs
45 data | 4.4 cld_hts
ATMLIB/LZ b OP-fatain ATM L2
prof_loc Create Q4 Ca_h: aer_hts
Stats opGa, 'IIFJ'_ptH:aI phl_ht
t rops
Aim_range met_at 1sec 4 cld_hts
op_data_out ar hts
POD pos_wect int_data_out aer_msf cld_hs
cld_msf aer_bs
aer_sval cld_ext
ga_ctrl LA cid_sval o g aer_ext

Level 1B and 2 Atmosphere Computations DFD
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ATMOSPHERE SUBSYSTEM

Atmtgr
115

1
Jm Etm

range

POD_pos_vect < § met_tlatz

&M

C Calcsploc A_Interp_met
1152 1.1.53

Profile Location / Met Section Structure Chart
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ATMOSPHERE SUBSYSTEM

@

%ESQ_DSES
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Backscatter Section
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ATMOSPHERE SUBSYSTEM

cld_hts o Ty aer_hts

& tirme
e pol_ft 532 hecs
2y
atm_dem £ timeq 532_M_bscs
532 M_hscs £ 3 rnet_prof
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&
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1.1.68 1.1.54 1.1.5.10

Cloud/Aerosol Layers Section Structure Chart
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ATMOSPHERE SUBSYSTEM

aer_ext
aer_msf UHO;,
o
aer_bs - D;’Ird C|d1__E><‘I
aer_sval o cld_ms
aer hts o7 o7 cld_sval
— o7 cld_od
aer_udﬂ;, {}-Td e
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¢ time bl
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= old_hts
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cld_swa O
Cld_m? 5 prof_loc
cld_hts s rmet_prof
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Optical Properties Section Structure Chart
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ATMOSPHERE SUBSYSTEM

Variables

FOD pos wvect Yes Mo |MNo (Mo Mo |[Mo |[Mo [Mo

Met Data Mo |(Yes |Mo |[Mo (Mo |[Mo [Mo Mo

sLADZ Mo Mo |Yes Mo (Mo Mo (Mo [Mo

izLADYT Mo Mo |[Mo |[Yes Mo [Mo [Mo Mo

>LADE Mo (Mo |Mo Mo [Yes Mo |[Mo |MNo

LAY Mo (Mo Mo Mo (Mo |[Yes |Mo Mo

=LAT0 Mo (Mo |[Mo Mo (Mo [Mo |Yes |MNo

LA Mo Mo [MNo (Mo (Mo Mo Mo [Yes

Action Product
i Calcsploc Yes |Yes |Yes [Yes Mo |MNo |[MNo [Mo

A interp_met Yes [Yes |Yes |Yes |Yes |Yes |Yes |Yes

A mhbscs Yes |Yes |Yes |Yes |Yes |Yes |Yes [Yes

A rebin_lid Yes [Yes |Yes |Yes Mo (Mo |[Mo |Mo

A cal cofs Yes [Yes |Yes |Yes |MNo [Mo |[Mo |Mo

& bsos ___._|Yes|Yes[Yes|Yes[No Mo [No_[No [GLAOT
A cld lays ___]Yes]Yes|Yes|Yes|No |Yes|No_|no [GLAOY  _
A pbl lay Yes [Yes |Yes |Yes |Yes [Yes Mo |MNo

& aer_lays _ _[Yes|Yes |Yes Yes Yes Yes |MNo_|No |GLAOS
A aer opt_prop |Yes |Yes |Yes |Yes |Yes |Yes |Yes |Yes|GLA1T0-11

Reprocessing Decision Table
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ATMOSPHERE SUBSYSTEM

l Initial State
Controls
Atmos_Manager
1
A Lalcsploc
do: Calc Profile 3,4
Location

i _A_Interp_rmet -
! do: Interp Met
| Data A_mbscs

W 3,4

; G,
! J 3
! . K .

I : . do: Vertically 1

I I : Align Profs

! ! i ™ __A_cal cafs

5 5 : do: Calc Calib

E | 5 ~ Abscs_

! ' E do: Calc Atten

| | ! Backscat Profs 7

Y ____________ l‘l' _____________ ! ______________________ !__ ____________l+_ _______ _..{B,
Errars 2

do: Create QA Stats

State Transition Diagram
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ATMOSPHERE SUBSYSTEM

Nov.30-Dec.1, 1999

GLADT
Atmos_Manager
GLADS
5 __AaErfays 1
Done E o do: Calc Elevated N
! Aerosol Layers J GLADG
: : 5 A_aBr_opt_prop
I ' f it do: Calc Aerosaol
i : : Optical Props
i | | »
i | 5 GLAIO
| | ! GLATT
1 __.*._ _______________ A
Error Handler _ Feport
Treel Error

do: Create QA Stats J

State Transition Diagram
ICESat SIPS Software CDR - Day 2

—#7

Final State
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ATMOSPHERE SUBSYSTEM

Errors (partial list)

— 532 integrated return flag poor or bad

— Ratio of integrated returns out-of-bounds

— Deficient 532/1064 laser energy flags

— Large number bad recs not incl in data

— Time between recs greater than threshold

— Divide by zero

— Exponent too large

Warning
Warning
Warning
Warning
Warning
Warning
Warning

Note: There are no critical errors for this subsystem

Nov.30-Dec.1, 1999
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ATMOSPHERE SUBSYSTEM

QA Statistics per Granule (partial list)

Avg number of cloud layers detected

Pct of time one or more cloud layers were detected
Avg and standard deviation of PBL height

Avg number of elevated aerosol layers detected
Avg cloud, PBL, aerosol optical depth values

Pct of cloud/aerosol layers not optically processed
because transmission calculation out of bounds
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ATMOSPHERE SUBSYSTEM

« Browse Products
— 532/1064 calibration coefficients vs. time
— 532 integrated return from 41 to 20 km vs. time
— Cloud/aerosol optical depths vs. time

— Images of 532 backscatter profiles with cloud, PBL, and
aerosol layers overlaid
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ATMOSPHERE SUBSYSTEM

e Subsystem Unit Testing

— Backscatter: Tested using simulated data furnished by
lidar science team - Passed

— Optical Properties: Currently being tested using
simulated data furnished by lidar science team.

— Cloud/Aerosol Layers: Will be tested using simulated
data furnished by lidar science team.
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ATMOSPHERE SUBSYSTEM

 Schedule/Status (man days remaining)

ATM Manager 33 PDL/preliminary coding
Prof Loc/Met 54 PDL/preliminary coding
Backscatter Profiles 12 Integration

Cloud/Aerosol Layers 121 PDL/preliminary coding
Optical Properties 23 Unit Testing
Quality Statistics 54 Not started yet
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STAND-ALONE UTILITIES FOR I-SIPS SCIENCE
SOFTWARE PROCESSING

Anita Brenner
Raytheon ITSS
Bldg. 33, Room B209D
Greenbelt, MD 20771
email: anita@icesat2.gsfc.nasa.gov
phone: (301) 614-5914
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STAND-ALONE UTILITIES

 Divided into two groups

— Utilities executed infrequently — based on static or near-
static input

— Utilities executed routinely as part of daily production
processing
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UTILITIES CREATED FROM STATIC FILES REQUIRED
FOR GLAS STANDARD PRODUCTS

Global

Regional DEMs

=

Ingest and
Reformat DEM

DEM

E—

Reference Orbit

=

Geoid

=

Regional masks

For level 2

Reference
Ingest Reference | orbit
Orbits and create
Ground Track filg Ground
Track file
Ingest and GLAS _Exec
Reformat Geoid
file Geoid file
Ingest regional | GLAS_Exec
Masks and create :>
Mask file Mask file

Elev. products

Nov.30-Dec.1, 1999

> 4 >» O

Global model
Load tide grids

<

Ingest Ocean tide
Global model and

Create load tide grid

Global ocean
Tide model

< ———

regional model

Global ocean

Load tide grids

S —

Ingest Ocean tide
regional model and

Create load tide grid

Tide model

< ———

Regional ocean
Tide models

Land surface

Surface type
Grid for land

Type grid

<

Ingest and reformat
Surface type file

surfaces

<

ICESat SIPS Software CDR - Day 2
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REFERENCE ORBIT GROUND TRACK FILE CREATION

 Input

— Ephemeris of reference orbit in same format as Precision Orbit
Files

— Orbit interpolator software (exists, may need modification to
accept format)
« Utility - functionality
— Find time and longitude of all equator crossings in the
predicted file — this can be done iteratively

 Using a specific delta t — start with that of the ephemeris —
find the records before and after the ascending node and
write to a file

 Repeat above process, each time using a smaller time

increment until getting the equator crossing time at the
desired accuracy

— Use the orbit interpolator to interpolate for the latitude and
longitude every 1 sec (or different interval if more appropriate,
deltat_reforb) from the time of the ascending node until the
end of the rev

« Triggers —frequency 2- 6 times per mission
— New reference orbit
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REFERENCE ORBIT GROUND TRACK FILE CREATION
(continued)

 Qutput —one direct access file with one record/track
— Period of the track in milliseconds
— longitude of the ascending node

— two arrays — one of latitude and one of longitude for every
deltat_reforb from the ascending node

 Information to keep track of

— Reference orbit id

— Reference orbit ground track file name

— Time of beginning of the reference orbit

— Instance of this reference orbit

— Track and index of beginning of this instance
 Used by

— SCF visualization software

— SCF data selection software

— GLAS EXEC
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CREATE DEM FILE FOR GLAS_EXEC

 Input
— Regional DEMs — from multiple sources
o Utility Functionality

— Merge DEMs into one DEM file where every record
corresponds to a latitude and contains an array of DEM
values all longitudes

o Triggers —2to 6 times per mission
— New DEM
e Output
— GLAS EXEC DEM file
 Information to keep track of
— DEM IDs
— Location and dsn of merged DEM file
— Resolution of DEM file
 Used by
— GLAS EXEC
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INGEST AND REFORMAT GEOID FILE

Inputs

— Global geoid grid

Utility functionality

— Ingest geoid into data management

— Reformat into a 2-D array in lat/lon in format expected by
GLAS EXEC

Triggers — 2 —6 times per mission
— New geoid file
Output —

— Geoid file used by GLAS_EXEC, on record per latitude
with all longitude values

Information to keep track of

— Geoid id

— Geoid latitude and longitude resolution

— Name of geoid file to be used by GLAS EXEC
Used by

— GLAS EXEC
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CREATE REGIONAL MASK DATA SET

 Inputs
— Ocean mask
— Land mask
— Seaice mask
— lce sheet mask
« Utility functionality

— Create a lat/long grid that has a bit set for each of the above
Input masks so we can tell what region(s) satellite is over

« Triggers — 2- 6 times per mission
— Any of the regional masks change
 Qutput

— Direct access file one record per latitude value-each record
holds all longitudes

« Set of 4 bits telling whether we are over a specific region or
not, multiple bits can be set

 Information to keep track of

— Regional mask data set name
— Individual region mask ids
Used by

— GLAS _EXEC
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CREATE SURFACE TYPE FILE

 Input
— Surface type grid(s)
o Utility Functionality
— merge into global surface type file
« Triggers — 2 to 6 times per mission
— New surface type grid
 Output

— Merged global surface type file, one record per latitude
value for all longitudes

 Information to keep track of

— Surface type grid IDs

— Location and dsn of global surface type file
— Resolution of file

Used by

— GLAS _EXEC
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CREATE GLOBAL LOAD TIDE GRID FOR DEFAULT
GLOBAL OCEAN TIDE MODEL

 Input
— Ocean tide model
o Utility functionality

— Create a global 1 deg grid of the harmonics of each
constituent defining the load tide

e Triggers
— Receipt of new global ocean tide model
e 1or2per mission
e Output

— Global 1 deg grid of load tide harmonics, one grid for
each of 7 constituents

 Used by
— GLAS EXEC
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CREATE LOAD TIDE GRID FOR REGIONAL OCEAN
TIDE MODELS

Input

— Global Ocean tide model

— Regional ocean tide model(s)
Utility functionality

— Create a 1 deg grid of the harmonics of each constituent
defining the load tide for the region being defined

Triggers

— Receipt of new global or regional ocean tide model
« 1to 5times per mission

Output

— Regional 1 deg grid of load tide harmonics, one grid for
each of 7 constituents

Used by
— GLAS EXEC
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UTILITIES RUN DURING DAILY PRODUCTION

o Utilities run before product creation

— Calculate granule start times and ascending node times

— Create level 0 index files

— Subset Met data files

— Planning jobs that create control files
o Utilities run after product creation

— Create trend data

— Create Browse products

— Perform automatic Quality Assurance

— Verify products

— Reformat products to HDF-EOS

— Stage GLAO4 to UTCSR

— Stage products to ISF

— Stage products to SCF

— Stage products to NSIDC
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CREATE REV ASCENDING NODE TABLE AND
START TIMES FOR GRANULES

 Input
— Predicted orbit
o Utility functionality

— Create table of times and longitudes of each ascending node
and each + or — 50 deg latitude crossing

« Triggers —once per day
— Receipt of predicted orbit from UTCSR
 Qutput

— table of times and longitudes of each ascending node and
each + or — 50 deg latitude crossing

 Information to keep track of
— Predicted orbit input file id
— Times covered by the predicted orbit file
— Location of output table
 Used by
— Planner that creates cntl file input to GLAS_EXEC
— GLAS _EXEC
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CREATION OF LEVEL 0 DATA USE INDEX FILE

Input
— Level O file from EDOS
Utility functionality

— Create an index file that tells what records and what order to
read them in from the level O file, in order to process only good
data in time-order

Triggers — 4 times per day

— Receipt of level O file
Output

— Index file — one for each level O file received
Information to keep track up

— Index file id (dsn, version whatever uniquely defines it)

— Level Ofileid (dsn, version, etc. ) that corresponds to the
index file

— Time span of datain level O file
Used by
— GLAS_EXEC - level 1a processing
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CREATE MET DATA FILES FOR PROCESSING

Input
— Met data from NSIDC DAAC
Utility functionality

— Create afile that is a subset of the DAAC met file
containing only parameters we require for processing

Triggers - automatically 6 times per day
— Receipt of new met file from DAAC
Output

— Sub-setted met file for processing
Information to keep track of

— DAAC met file id and version

— Output met file location, name

— Dates and times met file covers

— Resolution of grids

Used by

— GLAS _EXEC —level 1b, and level 2 processing

Nov.30-Dec.1, 1999 ICESat SIPS Software CDR - Day 2 Page 114



PLANNING JOB - CREATE CONTROL FILES

Input

— Data management
— Production status
Functionality

— Check that prerequisites exist for running process and
create control file

Triggers

— Receipt of new data, change in production status
Output

— Control files

— Production status update

Used by

— Each science process and utility has a corresponding
planning job
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CREATION OF BROWSE PRODUCTS - ONE UTILITY FOR EACH OF
THE 15 GLAS STANDARD LEVEL 1 AND 2 PRODUCTS

Inputs

— GLAS standard level 1 or 2 product granule
— ANCOG6 file output from GLAS_EXEC

« Utility functionality

— Create a EOSDIS-type browse product that allows users to see at a
glance the overall usefulness of the individual granule — specifics for
each granule - TBD

 Triggers —automatically triggered each time a product granule is
created — hundreds of times/day
— Creation of any GLAS standard 1 or 2 product granule
 Qutput
— Browse product that is sent to DAAC along with the product granule
 Information to keep track of
— Browse product file name(s)
— Product granule id associated with it
— Location of browse product file(s)
 Used by
— Archived with product granules at NSIDC DAAC
— SCF data selection and visualization
— Distributed by SCF to SWT by subscription
— ST for product QA
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CREATE TREND DATA

 Input
— GLAO1-GLA15 SCF format
— ANCO06

o Utility Functionality

— Create trend data used to evaluate instrument conditions
(there may be several of these utilities, each one dependent on
a different set of GLAXX’S)

 Triggers — several times per day
— Completion of set of GLAxX’s required for each trend data
utility
e Output
— Files of data to be plotted to check instrument status
 Information to keep track of
— Trend file names, locations

— GLAXxx granule information (name, version, etc.) associated
with each trend file

— Time span of data
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PERFORM AUTOMATIC QUALITY ASSURANCE

Input
— Browse product for GLAnnN
o Utility functionality

— Perform automatic quality assurance — no human
Intervention

 Triggers

— Completion of a browse product or set of browse
products

e Output
— Flags denoting overall quality of product
 Information to keep track of

— Mark data base indicating automatic QA run on this
product

— QA flags for each product
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VERIFY PRODUCTS

 Input

— ANCO06

— GLAnNnN (either scf or HDF-EOS format)
o Utility functionality

— Verify that output product contains data expected by
creating same statistics from product as those output
on ANCOG6 as product was being created

 Triggers

— Completion of product
e Output

— Flag indicating product was verified and pass or fail
 Information to keep track of

— Flag indicating product was verified and pass or fail
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CREATE HDF PRODUCTS AND METADATA
(one for each GLAS standard product)

Input
— GLAS standard product (GLAO1-15) in SCF format
— ANCO06

Utility Functionality

— Create HDF files with corresponding metadata for each
of the GLAS standard product granules

Triggers

— GLAS standard product granule completed

— QA on GLAS standard product granule successfully
completed

Output
— HDF files for each GLAS standard product granule
— Metadata for each GLAS standard product granule
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CREATE HDF PRODUCTS AND METADATA
(continued)

 Information to keep track of
— SCF GLAS product granule dsn
— HDF GLAS product granule dsn
— Dates/Times covered in granule
— Metadata dsn
— Date of creation
— Date sent to NSIDC
— Location of file
 Used by
— Procedure that ftps data to NSIDC
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PUSH OR STAGE DATA TO ISF

Input

— GLAO1-GLAO4

Utility

— push or stage data to ISF
Triggers —send once per day or more frequently if required
— Completion of a pre-defined set of above input

— QA successfully completed on all granules in set
Output

— Update production status database

Information to keep track of

« DSN of each granule sent (product id and version)
 Date and time sent
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STAGE DATA TO NSIDC

 Input

— HDF-EOS format of glas standard product granules

— Metadata for each glas standard product granule

— Browse data for each glas standard product data
o Utility

— push or stage datato NSIDC
 Triggers —send once per day

— Completion of a predefined set of above input

— QA successfully completed on all granules in set
 Qutput

— Update production status database
 Information to keep track of

— DSN of each granule sent (product id and version)

— DSN of metadata sent

— DSN(s) of browse data sent

— Date and time sent

— Dates of data within each granule
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STAGE DATA TO SCF

 Input
— GLAS SCF standard product granule
o Utility
— Push data to SCF data base or stage into area for pulling
e Triggers
— Creation of any GLAS SCF standard product granule
— Type 1 QA finished on the granule
e Output
— Update production status database
 Information to keep track of
— Dsn
— Date it was pushed or staged
— Times of data
— Type of data — GLAXX
— Version number
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I-SIPS COMPUTING FACILITY HARDWARE
CONFIGURATION

John DiMarzio
Bldg. 33, Room B209B
Raytheon ITSS
Greenbelt, MD 20771
email: john@icesat2.gsfc.nasa.gov
phone: (301) 614-5893
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I-SIPS FACILITY REQUIREMENTS

e Process GLAS Level 1 and 2 standard data products at 6x
real time. Required specs based on software load analysis:

— CPU specs :
« SPECInt_rate95: 720
« SPECfp_rate95: 1080

— /O throughput:
e 10MB/sec sustained write to disk

 6.25MB/sec sustained write to tape
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I-SIPS FACILITY REQUIREMENTS (cont.)

« Redundant set of hardware with minimal intervention
needed for failover to single system

 Provide near-line storage for two most recent versions of all
GLAS standard data products for the life of the mission

 Provide software development and prototyping environment

 Highly automated processing system running 24x7 with no
third shift operations staff
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RDBMS

* Run Oracle Enterprise server to manage the I-SIPS
processing and data server, and data archive databases

 Cold (offline) backups of databases once per week
« Warm (online) backups of databases daily

 Use of journaling to maintain all database transactions that
occur between backups

 Separate, redundant database servers using fully mirrored
RAID
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KEY CONSIDERATIONS

« Large array (>1TB) of file system space shared between
main processing servers

 High speed networking between all facility computers

 High speed networking to GLAS Science Computing Facility
(SCF)

* Fully operational 6 months prior to launch

« Redundant power supplies on all key components

 8x5 maintenance contracts with 4 hour turnaround

« Systems administrator on duty 8x5, on call all other times.

« Have documented procedures for operations staff to
perform selected systems administration tasks
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I-SIPS FACILITY CONFIGURATION

Instrument OperatorConsole
Support
Facility (ISF) — OperatorConsole

Gigabit Ethernet

i Database Database ;
Processing Server 1 Server 2 Processing
Server Server
> >
1 LVD SCSI LVD SCSI ?

RAID DB RAID DB
Fibre-Channel

Fibre-Channel

Switch

AT

30 TB ~_ 30 TB
Tape 1 TB Tape 1TB F_|bre-ChanneI Tape
Library Library for Sr? Isk Array Library
i ared Access i
Archive 1 Backups Data Server/ Archive 2

Archer Cache
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HARDWARE SNAPSHOT
Based on Current Technology

Processing Servers:

— HP N4000 with (4) PA-8500 440MHz CPUs
— 4GB RAM

— SPECint_rate95: 1,209

— SPECfp_rate95: 1,495

— 3.8GB/s system bus bandwidth

Clariion FC5XXX Fibre-channel disk array

— 15MB/sec host to disk write

Database Servers

— HP L2000 with (2) PA-8500 440MHz CPUs
— 2 GB RAM
Archive Tape Libraries

— StorageTek 9710 574 slot, 6 drives, 20TB w/DLT 7000
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PROCUREMENT PLAN

e Current hardware (HP K580 and K460 servers) will be used
for software development, and prototyping

 Processing server 1, Tape backup library, LVD disk arrays,
and Database Server 1 - 2nd quarter of FY 2000

« Tape Archive Library 1- 3rd quarter FY 2000
o All other purchases - 1st quarter FY 2001

« All hardware in place 6 months prior to launch
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KEY ISSUES

* Need to determine the best solution that provides shared
access to file system space for data server cache area.
Current possibilities include:

— NFS - Slow

— GFS - Not yet widely supported

— Various proprietary software and hardware solutions
« Current DLT tape library only capable of 20TB

— Super DLT (1st Quarter 2000) will allow 50TB
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LESSONS LEARNED IN VERSION 0O

Gladstone Marcus
Bldg. 33, Room B209B
Raytheon ITSS
Greenbelt, MD 20771
phone: (301) 286-3923
email: marcus@icesat2.gsfc.nasa.gov
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LESSONS LEARNED FROM VERSION O

 Version 0 Development provided insights into activities that
will improve the Development process.

e Lessons Learned
— Definition of the GLAS Products- Early Freeze Date
— Required for subsystem coding

— Required for subsystem Integration
— Communication: Internal and External

 E-mail, phone, regular meetings, weekly reports.

— Schedule Realistically
 Add “hidden tasks”, buffers, vacation time, holidays
e Use 50% confidence level.

 Have a plan if schedule slips.
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LESSONS LEARNED FROM VERSION 0O
(continued)

— Time Allocation. Allow adequate time for updates
following Reviews

 Program Design Language (PDL) Review
* Prototyping and Test Data Creation
 Code and Unit Test Plan Review
« Unit Test Results Review

— Emphasis on Prototyping

 identify the critical areas and address them
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LESSONS LEARNED FROM VERSION 0O
(continued)

— Emphasis on Testing
 Adequate planning
— Plan Unit Test Early
— Acquire test data early
« Have a dedicated Tester

 Test against the requirements
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I-SIPS SOFTWARE DELIVERY SCHEDULE

« VO (Beta) - July 1999
— Framework in place, with interfaces for inputs/outputs
— File formats defined
— 1/O routines writtenin C
— F-90 file structures
— F-90 modules to feed DFDs
— Dummy calls to DFDs for standalone processing

 V1-July 2000
— All major functions and interfaces incorporated
— Any fixes from VO implemented
— All ATBDs implemented
— Functional SDMS with limited archive
« V2 -December 2000
— Complete verified operational I-SIPS software in place
— Any fixes from V1 will have been implemented
— Final pre-launch updates to calibration equations implemented
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I-SIPS SOFTWARE DEVELOPMENT SCHEDULE

FY 00 FY O1

FY 98 | FY 99 |

Software Management Plan A 4
Data Management Plan \ 4
Software Requirements Doc Y
Data Product Specifications Y
Architectural Design AYE

Detailed Design

VO Delivery

Implement;

V1 Delivery

V2 Delivery

[ \/\
i iDelivery

EestL

Sustaining Engineering
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